Nuclear matrix elements of .JT=±l Fermi transitions are calculated by treating the Coulomb potential accurately. The method proposed by K. Ikeda and J. I. Fujita for calculation of the matrix elements of hindered transitions is adopted. The shell model and the pairing model wave functions are used for the model wave functions; as the single-particle wave functions the Woods-Saxon and the harmonic-oscillator wave fuctions are employed. It seems that the experimentally obtained matrix elements can be reproduced by taking into accout only the Coulomb potential without introducing any other charge-dependent force. § 1. Introduction From the charge-independent nature of the nuclear force it has been expected that the isobaric spin is a rather good quantum number in nuclei. MacDonald 1 > evaluated magnitudes of the isobaric spin impurities in light nuclei on the basis of the Fermi gas model and the shell model. He concluded that the impurities are very small (<I %) .
From the charge-independent nature of the nuclear force it has been expected that the isobaric spin is a rather good quantum number in nuclei. MacDonald 1 > evaluated magnitudes of the isobaric spin impurities in light nuclei on the basis of the Fermi gas model and the shell model. He concluded that the impurities are very small (<I %) .
The recent (p, n) reactions 2 > revealed the existence of the isobaric analogue states. The very narrow width of the isobaric analogue states suggested that the isobaric spin is a rather good quantum number also in heavy nuclei . . Lane and Soper 3 > studied the isobaric analogue states in detail and obtained the con~ elusion that the isobaric spin purity of the ground states increases with the mass number. Numerical calculation of the isobaric spin impurities in heavy elements is made. by Sliv and Kharitonov 4 ) on the basis of the shell model, and they obtained the result which supports the conclusion of Lane and Soper.
The fact that the spreading widths of the isobaric analogue states are very small implies that the matrix elements of the Fermi transitions from the target nucleus, li), would be exhausted by the analogue state. This statement proved to be the case by the recent {3-r circular polarization measurements which separated the Fermi matrix elements from the Gamov-Teller matrix elements. 5 ) At this stage it becomes of much interest to investigate what kind of interaction is responsible for the Fermi matrix elements which are very small but non-vanishing. This problem was first studied by Blin-Stoyle and Novakovic, 6 ) who introduced the charge-dependent nuclear forces and made the seniority mixings on wave functions. Their conclusion is that there may be small charge-dependent nuclear forces. However, their treatment is not satisfactory since the role of the Coulomb potential, which is expected to be important in this problem, is not properly taken into account. We calculate these matrix elements by using only the Coulomb potential as the charge-dependent force and the calculation method proposed by K. Ikeda and ] . I. Fujita/) which is more convenient than the usual configuration mixing method. Since the Coulomb potential is of long range nature, the behavior of the single-particle wave functions outside the nucleus is very important. 
It is convenient for the following discussion to separate H into the chargeindependent part H 0 and the charge-dependent part He:
Then we have a relation for the Fermi transition operator T_ by taking the commutator of H and T _ :
Using Eq. (3), the following expression for the Fermi matrix element MF is obtained:
for any value of .d, provided that E 1 -Ei-J::\=0. The quantity .d Is defined uniquely as follows. Introducing a projection operator for the Fermi transition
two expressions for MF are obtained:
where J Is defined by
The fact that the spreading width of the isobaric analogue state of I i) is very small means that the admixture of T -I i) into I f) has very small amplitude.
If we use the expression (6b) to calculate MF, then we need not treat the small component of If). From this point of view the expression (6b) is more convenient than (6a). More detailed discussions are given in reference 7). In order to investigate whether it is possible or not to reproduce the Fermi matrix elements without introducing any unknown charge-dependent force, we take as He the Coulomb potential and the neutron-proton mass difference.
where Jpn=l.293 MeV and r/i> is the third isobaric spin component of i-th nucleon. In some of the calculations the following approximate form of He is used in place of (8):
where
for r>R r and R is the nuclear radius and Z is the proton number. In this choice of He, J is the so-called single-particle Coulomb displacement, which is given approximately as where A Is the mass number and
In this case let us start from the j-j coupling shell model with harmonic oscillator wave functions as single-particle ones; then we will take into account the effect of the Coulomb potential on the wave functions by the simple perturbation treatment. We assume that both unperturbed wave functions are well described by four-particle configuration (1/ 7 ; 2 Y with seniority= 2
where 0 represents the completely occupied shells .. Then the model wave functions are prepared, as mentioned above, by the first order perturbation theory using He' of (9) as the perturbation Hamiltonian. The mixed states are restricted to those in which a single particle (nV) in (12a) or (12b) jumps into (n + 1 lj):
they may have T= 1, 2 or 3. The harmonic oscillator parameter is determined from ftw =41A- 
the wave function (13) is defined as the vacuum for the quasi-particles
Also it should be noted that the main part of the pa1rmg model Hamiltonian is diagonalized in the quasi-particle representation:
The ground state wave function of an odd nucleus with the total angular momentum J and its projection M is assumed to be given by
Now we obtain the unperturbed wave functions 'iJf zn and 7Jf Gb :
?/" Zn = IO)),
where the same quasi-particle vacuum !O)) is used for Ga as well as Zn as an approximation. In our calculation the orbit a 0 of the expression (20b) is chosen as 1];, 12 , 2Pa/2 and 2PI/2· The real wave function of Ga would be the superposition of these. We present two calculations ; (A) the exact form of the Coulomb potential, He of (8), is used and the Woods-Saxon bound state wave functions are employed (B) as in the case of Sc, the single-particle Coulomb potential, He' of (9), and the harmonic-oscillator wave functions are used and the model wave functions are prepared by the first order perturbation theory with the unperturbed wave functions (20a) and (20b). 
where ap (an) represents proton's (neutron's) a-orbit.
We may interpret
A (a) I (2ja + 1) as the Coulomb potential experienced by a nucleon in a-orbit. If these were to be equal for all shells, then MF' would vanish exactly as seen from the formula (21a). Therefore it is essentially important that we should estimate the fluctuation of A (a) I (2ja + 1) from shell to shell as accurately as possible.
Therefore we use the Woods-Saxon bound wave functions, whose radial part, RnuCr) lr, obeys the equation
where We would be able to obtain the true value of MF as a sum of the values in (23) multiplied by suitable configuration mixing amplitudes repectively. The quantities A (a) are given in Table I .
(B) Since the same procedure as in the scandium decay is used, the details of the calculation are not repeated here.
The parameter G in 'Eqs. (15) These values are to be compared with the value (24). The reason why the signs of MF of (23) and (25) are opposite is that the corresponding quantity in the calculation (B) to the quantity A(a), (nljlhclnlj), increases with 2n+1 but A (a) has not such a nature. This is the main difference between the calculations (A) and (B). § 3. Discussion
In the calculation of MF o£ the scandium decay, the unperturbed wave functions were assumed to be pure shell model functions which are orthogonal to each other and the approximate form of the Coulomb potential, He', was adopted.
Under these circumstances the core has no contribution to MF in a sense that the mixed states in which a particle (nlj) of the core jumps into the higher level (n + 1 lj) cannot be connected with the final state, which is constructed using the first order perturbation theory, by [H/, T_J because of its one-body nature. This makes the calculated value of MF somewhat smaller than the experimental result.
In the calculations of MP of the garium decay the core was properly treated and the exact form of the Coulomb potential was used in the calculation (A).
The calculated values of MF are somewhat larger than the experimental result.
All of the calculated values of Mlf' in this paper are comparable with the experimental results, and it seems possible to reproduce the matrix elements of the hindered Fermi transitions by taking account of the Coulomb potential as the charge-dependent interaction. Therefore we can conclude that the Coulomb potential is a very important and essential interaction to explain these transitions. Of course, this statement does not mean that other charge-dependent nuclear interactions do not exist. At the present stage of our knowledge about the wave functions of the odd nuclei, we can hardly· say anything about other chargedependent nuclear· interactions.
Finally it should be noted that the wave functions of the odd nuclei would be much more complicated than the ones employed in this paper. If the more realistic wave functions were used, the calculated values of MP could be reduced through phase relation.
The calculations. were made by HITAC 5020E electronic computor of Tokyo University.
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